Background: Pleural effusion (PE) has been reported useful in many studies for testing epidermal growth factor receptor (EGFR) mutations in non-small cell lung cancer (NSCLC) with variable results. This systematic review and meta-analysis was performed to elucidate whether PE could be used as a surrogate for tumor tissue to detect EGFR mutations.
Introduction
Lung cancer is worldwide health problem that places heavy burden on patients and society, of which about 85% of the total cases diagnosed were non-small cell lung cancer (NSCLC). [1] According to reports, 222,500 cases were newly diagnosed and 155,870 cases died of lung cancer in 2017, United States of American. [2] With decades of research and work, the treatment of NSCLC has been improved a lot with significant clinical progress, especially on targeted therapy. NSCLCs with mutation events in the domain of epidermal growth factor receptor (EGFR) tyrosine kinase, which express as a percentage of about 30% to 40% of NSCLC cases in Asian and of about 2% to 8% in Western countries, respond to tyrosine kinase inhibitors (TKIs), for instance, gefitinib, icotinib, and erlotinib. [3, 4] For patients with EGFR mutation, TKIs treatment improved the clinical prognosis of such patients with improved quality of life and increased overall survival date. [5] Thus, the determination of EGFR mutation status has an importance role in the NSCLC treatment.
The most used examination sample is the biopsy sample from tumor tissue through closed pleura biopsy or thoracoscopic lung biopsy, and which means invasive procedures and potentially high risk for patients. Many NSCLC are presented with malignant pleural effusion (PE). About 15% of lung cancer patients have PE and more than 10% of the patients have PE when they received a diagnosis. [6] Approximately 50% of NSCLC patients with PE are initially positive cytologically. Although tissue biopsy is recommended for genetic analysis, the risk of biopsy complication, failure to obtain homogeneous tumor samples, and no patient's informed consent can lead to suboptimal mutation detection. [7] Because PE sampling is usually facile, less traumatic and reproducible, further research is necessary to determine whether it can be used for gene testing as a tissue substitute. Growing studies suggest that pleural effusion is a potential sample to determine EGFR status, [8, 9] while those studies gave different and discordant results. Thus, this metaanalysis which based current available evidence aimed to evaluate the overall accuracy of PE test in determining the EGFR status of NSCLC patients.
Methods
This meta-analysis was based on the guidelines about diagnostic studies and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses report. [10] [11] [12] Ethics Committee approval was not required for this retrospective study.
Literature search
We searched in PubMed, Embase, Wanfang, Weipu, and CNKI to identify potentially eligible studies. No starting data limit was applied and the last search was performed on December 20, 2017. The following key words and medical subheadings were used as search terms: "pleural effusion" AND "epidermal growth factor receptor" OR "EGFR" AND "non-small cell lung cancer" OR "NSCLC". Different combinations of the previously mentioned terms were also searched. Articles were identified using the "similar-articles" function in PubMed.
Study selection
First, we selected records through the titles and summaries, and then reviewed the full text of the potentially qualified researches. Studies met the following criteria were included:
1. it was an original research paper published in English or Chinese; 2. all patients involved should be diagnosed NSCLC with histopathology or cytology; 3. EGFR mutation status should be detected by matched tumor tissues and PE samples; 4. enough initial data to build the 2 Â 2 diagnostic table.
Data extraction and quality evaluation
Data were collected including first author, publication year, country, patients number, percentage of female patients, percentage of smokers (ever and current), histologic type, TNM stage, type of PE samples (cell blocks or supernatants), detection methods of EGFR mutation in PE or tumor tissues, true positive (TP), true negative (TN), false negative (FN), and false positive (FP). When EGFR mutation detection was performed using different methods and PE samples, TP, TN, FP, and FN were extracted separately.
QUADAS-2 instrument was used to evaluated the methodological quality of eligible studies. [13] Risk of bias were assessed in 4 domains and applicability concerns in 3 domains within QUADAS-2. Review Manager software (version 5.2, the Cochrane Collaboration) was used to develop QUADAS plot.
All records were independently checked by 2 reviewers and a consensus was reached in case of disagreement. During research selection, data collection or quality evaluation, any differences between the 2 authors (CSP and HWM) were resolved through consultation with a third author (JYQ).
Statistical analysis
The EGFR mutation status in tumor tissue samples were used as a reference standard. We used standard methods which was recommended for diagnostic accuracy meta-analysis. And calculated pooled specificity, sensitivity, negative likelihood ratio (NLR), positive likelihood ratio (PLR), and diagnostic odds ratio (DOR) by the data (TP, FP, FN, and TN) retrieved from original studies, together with 95% confidence intervals (95% CIs). Based on summary receiver operating characteristic (SROC) curve, area under the curve (AUC) was calculated. According to the results of heterogeneity tests, either a random-effects model or a fixedeffects model was chosen to calculated related indices across studies.
Chi-Squared and Fisher exact tests were used to detect heterogeneity across studies, and then meta-regression was used to identify potential covariates. Publication bias were detected by Deeks' funnel plot. [14] Data analyses were carried out with RevMan 5.2 (Cochrane Collaboration, Oxford, UK), Meta-DiSc 1.4 (XI. Cochrane Colloquium, Barcelona, Spain), and STATA 12.0 (Stata Corp., College Station, TX). All tests were double-sided. P < .05 was considered statistically significant.
Results

Study selection and characteristics
After rigorous identification and selection, 15 publications of detecting EGFR mutations in paired PE and tumor tissues of NSCLC patients were eligible for inclusion. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Major reasons for excluding studies were unpaired PE and tumor tissues and insufficient data. Figure 1 shows the process of selecting of potentially eligible studies. In some publications, EGFR mutations were detected both in cell blocks and supernatants of PE. [15, [17] [18] [19] Besides, more than 1 assays were used for EGFRmutation analysis. [16, 18, 22] Thus, each of these publications was treated as 2 independent studies, giving 24 studies in our metaanalysis altogether.
All studies were conducted in Asia, 2 in Korea, the others in China. The average sample size was 50 (range, 14-189). Most patients had been enrolled consecutively and prospectively, except 3 studies were retrospectively. [21, 23, 24] Up to 80% of the NSCLC participants were adenocarcinoma and all were diagnosed histopathologically or cytologically. The participants in 5 included studies were in stages III to IV, [15, 17, 26] 8 studies in IV, [19, 20, [22] [23] [24] and others unknown. There were many ways to detect EGFR mutation. Direct sequencing, amplification refractory mutation system (ARMS), and polymerase chain reaction (PCR) were the main methods, which was adopted in 4, [16, 18, 22] 9 [17, 19, 21, 23, 27, 28] , and 5 [22, [24] [25] [26] 29] studies, respectively. The details of key characteristics were indicated in Table 1 .
QUADAS-2 was proposed in 2011 and was integrated into RevMan 5.2 in 2012. [10, 30] We evaluated the methodological quality in 4 domains (patient selection, index test, reference standard, flow and timing). A response of "Yes" or "Unclear" or "No" was given according to the criterion. These responses for each criterion are then converted into applicability concerns and risk of bias as high, low, or unclear. The original studies quality in our meta-analysis was moderate, most of the included studies did not clearly report whether the results of both tumor tissues and PE samples were blinded from each other and whether a threshold was prespecified. [15] [16] [17] [18] [19] [20] Thus, the index text and reference standard remain unclear risk and unclear concern, respectively. However, in patient selection and flow and timing, these studies did generally good. Except 1 was judged to have high risk of bias, [15] related to do not avoid a case-control design, and inappropriate exclusion. Figure 2 shows the summary quality of studies included.
Diagnostic accuracy
As shown in Figure 3 , Sensitivity of PE samples of EGFR mutation detection ranged from 0.64 to 1.00, specificity ranged from 0.75 to 1.00. Compared with tumor tissues, the pooled sensitivity of NSCLC PE samples was 0. Table 2 ). The overall diagnostic performance was evaluated by calculating SROC curves and the corresponding AUC. The SROC curve was positioned close to the ideal upper left corner of the plot. Figure 4 showed the SROC with AUC of 0.94 (SEM = 0.01), and Q value for sensitivity and specificity was 0.88 (SEM = 0.01) indicating a high discriminatory ability for PE EGFR mutation test.
Sub-group analysis and publication bias
We performed sub-group analyses to exam the influence of type of PE samples, countries, detection methods, and TNM stages. We compared 3 main methods used for EGFR mutation test: ARMS, direct sequencing, polymerase chain reaction (PCR), and high resolution melting (HRM Table 2 shows the details. Chi-Squared values for sensitivity (P < .001), specificity (P < .001), and NLR (P < .001) suggested significant heterogeneity. Then a meta-regression was performed to identify possible sources. However, we found diagnostic accuracy of EGFR mutation detection in PE did not depended on detection methods, type of PE samples, TNM stages, proportion of female and smoker, or on countries. We found that none of these covariates was source of significant heterogeneity (all P > .05). Table 3 shows the results of the RDOR analysis.
Deeks' funnel plot tested the publication bias. The P value associated with Deeks test was not significant (P = .59). Figure 5 suggests insignificant publication bias.
Discussion
Targeted therapy is irreplaceable in the NSCLC treatment, especially in adenocarcinoma. Mutations in EGFR gene are related to the objective responsiveness of tumor to targeted therapy of EGFR TKIs. [31, 32] Needless to say, a highly feasible sample is essential to perform EGFR mutations test. Although detection the mutations in tumor tissue plays an vital role in guiding treatment with EGFR TKIs, [33, 34] its restriction is 
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Medicine obvious, such as inadequate tissue acquisition and non-ideal tissue positions. [35] Thus, researchers have focused on blood and PE samples to find substitutes for tumor tissues. [36] [37] [38] Previous studies have suggested that serum is a good alternative when tumor tissue is unavailable or insufficient for EGFR mutations detection. [39] To our knowledge, this is the first meta-analysis to comprehensively assess the overall accuracy of EGFR mutations test within PE samples.
Our meta-analysis of the available evidence showed a pooled sensitivity of 0.86 and specificity of 0.93. The relatively high specificity indicates that a low rate of misdiagnosis (7%), which is more important than the rate of missed diagnosis in recommendation of EGFR TKIs treatment. However, the suboptimal sensitivity indicates a relatively high rate of missed diagnoses (14%). At the same time, our meta-analysis calculated an AUC of 0.94 for the SROC curve. Since an AUC of 1.0 (100%) indicates spotless discriminating ability, our meta-analysis suggests a relatively high level of overall diagnostic accuracy. With 1 accord, a pooled DOR of 63.40 was calculated indicated a competitive discriminatory performance. The optimal DOR and AUC indicate that PE might be a suitable screening samples for detection of EGFR mutation. However, pooled PLR and NLR were moderate in our study. Our meta-analysis indicated a pooled PLR of 8.53. This is dismal for clinical use to some extent. Similarly, the pooled NLR was 0.18, which is not low enough to draw a diagnosis of exclusion in the clinic. Variant types of mutations in EGFR of NSCLC were detected in PE, most mutations focus on exon 19, 20, and 21 regardless of the sample type, Such as exon 19 del, exon 20 (T790 M), and exon 21 (L858R). About 90% of these mutations are deletions of exon 19 and point mutations of exon 21, which are known to be sensitive for TKIs therapy. T790 M mutation of exon 20 is responsible to TKIs resistance. Types of EGFR mutations, including secondary mutations and resistance mutations, can be detected in PE samples. Our work is not so much about the specific mutation type, because most of original publications did not pay attention to the topic.
Several assays were used in our included studies. ARMS, HRM, PCR, and direct sequencing were used at a relatively high frequency. Thus, we compared the pooled diagnostic accuracy of these 4 methods. Direct sequencing is a historical method used to detect EGFR mutations and provides detailed mutation information. However, detecting mutations in this way requires at least 30% of the mutant DNA within the sample, which can lead to less satisfactory sensitivity (0.78 in our meta-analysis). [40] Due to the pessimistic sensitivity of direct sequencing, patients with EGFR mutations may be missed as not having any mutations. [41] Our results suggest PCR has the highest diagnostic performance, which is consistent with previous study. [9] PCR had an excellent specificity of 0.95, which means when a patient is diagnosed with EGFR mutations, there is only 5% chance of misdiagnosed. This was satisfactory if it triggers invasive diagnostic procedures or targeted treatment. [42] Another method, HRM, is a powerful method that judges the existence of mutations without detailed mutation information. In spite of its optimal specificity (1.00) and DOR (75.47), it still cannot completely replace the sequencing method. Further study is needed to make up for its imperfections in clarifying the mutation type and gene sequencing. However, it should be mentioned that not only the assay but also reagents, DNA quality, software, and crucially primer design and amplicon Figure 3 . Forest plot of the summary sensitivity and specificity of pleural effusion. The sensitivity/specificity of individual study is represented by a circle, through which runs a horizontal line (95% CI). The diamond at the bottom represents the pooled sensitivity/specificity from the studies. df = degrees of freedom. ARMS = Scorpion Amplification Refractory Mutation System, AUC = area under curve, DOR = diagnostic odds ratio, HRM = high resolution melting, NA = not available, NLR = negative likelihood ratio, PCR = polymerase chain reaction, PE = pleural effusion, PLR = positive likelihood ratio. Two types of PE samples were tested in our included studies. We made a comparison and our results showed that supernatants have a more optimal diagnostic performance than cell blocks (AUC: 0.96 vs 0.94). We conclude that cell-free supernatants might be a better resource for mutation detection than cell pellets. It is in keeping with previous studies. [18, 19] The probably reason is tumor DNA may be released into PE through the apoptosis or necrosis of disseminated tumor cells. And supernatants has more dissolved tumor DNA. Although the tumor cells in PE are fewer than that in tumor tissues, we can more or less make up for deficiencies by extracting the supernatants part for detection as far as possible. Besides, the test procedure of supernatants EGFR mutation is simplified by eliminating the need of embedding. It is easier to purify DNA from PE supernatants than from tumor tissues. Examination of PE is rapid, efficient, and minimally invasive. Supernatants of PE might be a more suitable substitute of tumor tissues than cell blocks.
A meta-analysis by Luo et al assessed the diagnostic performance of cfDNA, compared with tissues. [43] The pooled specificity was 0.935 and pooled sensitivity was 0.674. Another meta-analysis by Chen Mao et al evaluated the accuracy of EGFR mutation testing in blood against that in tumor tissues, and drew the conclusion that serum showed lower sensitivity (0.56 vs 0.65) but higher specificity (0.95 vs 0.85) than plasma. [39] The pooled results in our meta-analysis indicate a relatively higher sensitivity of 0.86, and an optimal specificity of 0.93. It seems that EGFR mutations detection in PE samples performs better than that in blood samples. Maybe the local site influence can explain this. PE is concentrated at the site of tumor lesion, such as pleural cavity, while peripheral blood is relatively far away from tumor lesion.
Several limitations should be discussed. First, only 15 publications were included after the strict search strategy and study selection. The statistical power maybe inadequate for drawing definitive conclusions about the ability of detecting EGFR mutation in PE. The relatively low prevalence of NSCLC complicated with PE may contribute to the limited original research. [44] Lacking of studies which compare the EGFR mutation test results in paired tumor tissues and PE samples urgently calls for further studies on a large scale. Second, although the publication bias were not significant in our metaanalysis, we have to mention that we only include articles written in English and Chinese because of language restrictions. Moreover, all of the included studies were conducted in Asia, although the mutation frequency of Asians is significantly higher than that of Caucasians (30-40% vs 10%), [45] this may lead to bias. Third, the methodological quality of included studies were modest, based on QUADAS-2 assessment. This was mainly due to the lack of key information. Although substantial heterogeneity was detected across the included studies using metaregression, we were unable to identify causes. Future research should be more rigorous in order to reduce the risk of bias.
In conclusions, the present meta-analysis suggests that PE, especially supernatants, is a promising substitute for tumor tissue in EGFR mutations testing of patients with NSCLC. Its relatively high specificity suggests that EGFR mutation positivity in PE could be used to recommend EGFR TKIs treatment. Further study and optimization are required to improve the sensitivity and identify the best testing methods.
